This study proposes a 3D visualization model in highway design/construction that electronically represents information of highway projects. The 3D model will be based on the STEP (Standard for the Exchange of Product model data), which is an open standard, so it can be used as data structures. Since the design model includes integrated resources to represent 3D geometric shape and project management information of the infrastructure, the built visualization model will allow end-users to extract the necessary data from the object based 3D intelligent model. This integrated data model is expected to provide practical engineering information to improve the design/construction process. This study presents the framework for the integration of application programs such as existing 3D/CAD programs used in practice by applying the STEP-based information model and information technologies. With the system integration framework composed of the information model, data repository, application program, and application programming interface, this research proposes establishing a prototype system according to the system integration framework so that end-users can manage information of an infrastructure in an integrated computing environment.
INTRODUCTION
Traditionally, transportation design and analysis has been conducted mostly in 2D and reported as time consuming, and error-prone manual drafting updates (Easa et al., 2002) . 3D modeling technology has been common and reported as successful in the building industry especially with Building information Modeling (BIM) technology (Bernstein 2012) . This research intends to build a 3D object based intelligent design model of the roadway in which elements of the design are related to each other dynamically -not just points, surfaces, and alignments, but a rich set of information and the attributes associated with it. Another benefit of the 3D intelligent modeling is by adjusting the road design, all of the related design elements will be updated automatically, allowing the designer instantly to see the impact to cut and fill and road alignments. In this way, the 3D model facilitates evaluation of many more design alternatives. As part of the design process, transportation engineers can leverage the information model to conduct simulation and analysis to optimize the design for objectives to complete construction projects on time, within budget. Therefore, the proposed research intends to develop a 3D intelligent model that would include a 3D visualization model and all the objects/attributes it contains, which can be leveraged for quantity take off, construction sequencing, and as-built comparisons, and eventually allow designers/engineers more easily to predict the performance of projects before they are built, respond to design changes faster; optimize design with analysis, simulation, and visualization. Furthermore, it will enable the user to extract valuable data from the model to facilitate earlier decision making and more economic project delivery.
This study proposes a 3D visualization model in highway design/construction that electronically represents information of highway projects. The 3D model will be based on the STEP (Standard for the Exchange of Product) data model, which is an open standard, so it can be used as data structures. Since the design model includes integrated resources to represent 3D geometric shape and project management information of the infrastructure, the built visualization model will allow end-users to extract the necessary data from the object based 3D intelligent model. This integrated data model is expected to provide practical engineering information to improve the design/construction process.
In order to test the feasibility of the proposed approach, a prototype object based 3D model was developed and tested on a highway project in Seoul, Korea with a team led by Korean Institute of Construction Technology (KICT). The proposed 3D model was applied to explore different design alternatives and cost/schedule comparisons to enable end users to optimize their projects early in the design/construction process when they make the biggest impact on building life cycle costs.
LITERATURE REVIEW
In the Architecture, Engineering, and Construction (AEC) industries highway and street construction is the largest public category (CENews 2013). In 2002 the United States spent approximately 71 billion dollars on highway, street, and bridge construction (US Census Bureau 2002) . Because of such an important area, many have conducted research on how to improve the planning process and reduce overall cost.
Computer programs such as FORTRAN 77 have been used for aspects of highway optimization design, but did not integrate CAD drawings (Dhillon 1991) . Computer programs have also been used in the past for optimizing of road network planning (Kiyota 1999) . Others researched used algorithms with geographic information systems (GIS) to optimize highway alignment for cost effectiveness and proper time management (Jha et al. 2004 and Kang et al. 2011 ).
Jha notes the highest costs related to highway construction are from the right of way (ROW) and earthwork expenses (Jha 2004) . Research has been conducted in the aspect of reducing earthwork expenses. Goktepe (2009) developed the Weighted Ground Line Method (WGLM) to optimize cut-fill volumes and minimize the total amount of earthwork, which is a major cost within highway construction. Nassar (2011) realized the importance in earthwork computation analysis by stating that graphical or manual earthwork analysis is time consuming and tedious and is prone to error. Earthwork optimization is beneficial to highway design, but limited when restricted to 2D hand or computer drawings. 3D modeling or Virtual Reality (VR) models have been applied to building projects, but few other than Kang has applied this technology to highway design and construction (Kang 2010) .
In recent years Building Information Modeling (BIM) has been implemented mostly in the building industry. BIM usage has grown rapidly in the past several years. The BIM system integrates 3D models with building and equipment information. The benefits of using BIM for highway design could include better designs and increased efficiency and productivity (Strafaci 2008) .
IFC (industry foundation class) is an open standard within the BIM industry used for the exchange of information. IFC is based on ISO 10303, also known as "STEP" (STandard for the Exchange of Product) model data. IFC has been very successful in relation to building components, but there is a need for the expansion to other engineering fields (Hegemann 2012) . Many researchers recognized the usefulness of IFC and developed new data structures related to highway design. Hegemann found IFC to be very successful and invested research in the developing new IFC-compatible class for tunnel boring machines (Hegemann 2012 ). Yabuki developed IFC-ShieldTunnel for tunnel design for highways, subways, and other systems (Yabuki 2008) . Also, IFC-Bridge was developed for a parametric geometry representation of bridges (Ji 2011) . Previous papers on STEP have mainly proposed new data structure of IFC entities while ignoring how to practically apply these data structures. So far, there is limited research on IFC application within the industries of roads, bridges, and tunnels (Ji 2012) .
This research applies the IFC infrastructure based on the STEP model to focus on the benefits of those structures by running multiple computer simulations. Modelbased data standards such as the IFC infrastructure not only help with data exchange, but when applied properly can benefit design, analysis, cost estimating, and construction scheduling (Halfawy 2005) . Topics addressed will be related to automated quantity take off and construction scheduling. This is based on 3D representations of highway alignment alternatives to reduce time spent on planning and reduce the overall cost of the project.
METHODOLOGY
The purpose of this research is to build a system of a 3D intelligent model with practical engineering information to improve the design/construction process. The basic process, as seen in Figure 1 , is composed of four main steps: data input, data analysis process, baseline output, and refinement. 
Figure 1. Research process
The first step of the process is data input. The data is collected from an IFC file with construction data. This data is stored in IFC entities such as IfcRoadway, IfcRoadbase, and IfcRoadbed. IFC entities define the major components of the highway structure. The construction data is retrieved from IFC file by an IFC parser. All the structure and site information is prepared to be ready for further use.
The data analysis process can begin once the IFC file is parsed. This process includes 3D model representation, highway quantity take-off (QTO) estimation, and highway scheduling process. The data from the IFC file is analyzed for 3D representation of the topographical surface and highway. Based on that 3D representation, the data required for highway QTO estimation and highway scheduling can be processed.
The third step is the baseline output. After the construction data has been parsed from the IFC file, a 3D model including topographic surface and highway can be represented in 3D modeling software. Also, the QTO volumes and costs and construction schedule are output based on the baseline model. The fourth step is the refinement process. The refinement process includes the comparison with Civil 3D quantity take off output, actual project cost and duration, and the construction schedule. The cut and fill volumes are calculated based on the road elevation and the existing topography. A highway construction schedule diagram will be generated in a CPM (critical path method) diagram. The construction schedule is based on the quantity take-off analysis and data from the information model.
CASE STUDY
The system of our research is a 3D intelligent model which allows for user input data to analyze alignment alternatives. Our system was tested on a highway project in Seoul, Korea with a team led by Korean Institute of Construction Technology (KICT). The highway project was tested with the five steps of the system: data input, data analysis process, baseline output, simulation, and optimized output. 
Data Input
The data input for highway analysis is related to an Industry Foundation Class (IFC) file. IFC is an open BIM standard which contains information for architectural, engineering, and construction (AEC) projects. IFC development has mainly focused on building entities such as slabs, foundations, walls, and doors. For this research there was a need to develop additional entities for application to highway design. 
Figure 3. IFC-Express diagram
IfcRoadComponent entity is the superentity in this model. It has many attributes of GlobalId, OwnerHistory, etc. Each attributes has its own data type. For example, the data type of GlobalId is string, the data type of OwnerHistory is entity called IfcOwnerHistory. Among the attributes of IfcRoad entity, one of the most important entities is IfcRoadComponent. It is inherited into different structural members like IfcRoadWay, IfcRoadBase, IfcRoadBed, IfcRoadCurb and IfcRoadDrainageSystem. The IfcRoad entity is also inherited into IfcMunicipalRoad, IfcHighwayRoad, and other entities as subentities.
The information for the test highway project is extracted from the IFC using an IFC parser. This information is used for the following steps of the system.
Data Analysis Process
The second step in the system is the data analysis. The data analysis includes 3 aspects: 3D model representation, highway quantity take-off (QTO) estimation, and highway scheduling. The information required for each of these three aspects is obtained from the IFC file. These three aspects will produce a baseline output of the highway alternative. Additional alternatives can be obtained in later steps of the system.
The first aspect of 3D model representation obtains the required information from IFC entities such as IfcSite and IfcRoad. Within these entities are the geometric information for the topography of the site and the cross-section of the roadway. The data is collected from the IFC file is for the visualization of the 3D model.
The next aspect is the QTO estimation. This includes volume estimations for earthwork, road construction, water drainage, and slope protection, and the cost for these quantities. The specific values for soil type and unit cost of the quantities are obtained from the IFC file to produce the baseline estimation. The QTO quantity estimations are based on the information which was obtained to present the 3D model representation. This includes the elevation and location of the topography and proposed highway alignment.
The automated construction schedule is the third aspect of the data analysis process. The construction schedule is based on QTO, number of workers, and project duration. The QTO is calculated with the system. The number of workers and project duration are set at default values for the baseline output. These values can be adjusted at a later step in the process for schedule alternatives.
Baseline Output
The third step of the process is the baseline output. The data required for the baseline output is based on the information which was obtained from the data analysis process. The 3D model representation, highway QTO estimation, and highway scheduling process each have an output from their respective analysis. The 3D model representation obtains all the geometric data from the IFC file for the topography and highway alignment to present a 3D model with the 3D modeling program SketchUp. SketchUp is able to present an accurate representation of the topography and highway alignment. The first presentation of the highway alignment is simply a straight, horizontal alignment. This is for baseline presentation and analysis.
The output of the QTO volumes and QTO cost are based on the earthwork calculations of the data within the IFC file. The QTO volumes output will present the total volume of fill and the total volume of cut related to the earthwork. The baseline highway alignment can be presented at varying elevations to identify the differences of cut and fill volumes. Figure 4 presents 10 separate heights, or elevations, to see the different values of cut and fill as well as the net earthwork volume. Figure 6 shows the graph comparing the earthwork quantities of the baseline model at different elevations. The QTO will also present the quantity of material for the roadway section. The QTO for the roadway section includes materials such as stone base, roadway asphalt, and curb concrete. QTO cost is based on the quantities calculated from the baseline highway alignment and the default unit costs from the IFC file.
Figure 4. Earthwork volume graph at varying elevations
The baseline output allows the user to identify the amount of material used for the project and the approximate cost associated with the project. This baseline volume and cost is presented as a starting point for choosing the optimum highway alignment. This information can be output in a number of formats, such as text, CSV (Comma Separated Values), Microsoft Excel, or other spreadsheet formats. For this report the information is presented as a Microsoft Excel spreadsheet.
The baseline output also includes an automated construction schedule. The schedule is based on the information from the baseline highway model. This information includes the QTO volumes, default number of workers and default duration. The automated schedule is output as a CPM (Critical Path Method) schedule within Microsoft Project.
Refinement
The final step of the process is refinement. The refinement step of the process includes quantity take off (QTO) comparison with AutoCAD Civil 3D outputs, actual project cost and duration, and a construction schedule.
Total Quantity Take Off
The total quantity take off (QTO) output for this prototype includes the summation of excavation, embankment, road construction, water drainage, and slope protection values. Figure 5 presents the volumes for each activity for the baseline alignment. The quantities for each activity are presented in cubic yards. The quantity take off values for this case study were compared to QTO values from AutoCAD Civil 3D of the same model to verify the accuracy of volume estimations. Based on the comparison, the QTO values were within 5% of AutoCAD Civil 3D estimations. 
Total Cost
The total cost analysis for the baseline alignment includes the activities of excavation, embankment, road construction, water drainage, and slope protection. The breakdown of costs for these activities for each of the three alternatives is presented in Figure 6 . The cost for each activity is calculated from the QTO values and unit rates.
Another aspect to consider with regards to cost is the excavation operations. Different material types may cause complications with regard to excavation operations. For example, excavation of rock material is significantly more costly than sand, silts, or clay excavation. Any volume of rock which requires excavation will drive the overall costs up. For the purpose of this case study, the soil type is considered uniform throughout the topography. 
Total Duration
The total duration of constructing the project consists of the following activities: excavation, embankment, road construction, water drainage, and slope protection. The project duration for this case study the total duration is calculated based on the assumption that each activity will follow another, rather and simultaneous activities. Project duration is based on the QTO values for each activity. Each activity will require a different duration based on those QTO values. The duration from each activity was based on an assumed value to give realistic output. These assumptions included in the calculations were consistent for the three alternatives. The duration for each activity is presented in Figure 7 . Figure 8 presents the construction schedule for the baseline alignment. Figure 5. Construction schedule for baseline alignment
CONCLUSION
The research for the highway alignment alternatives was conducted to simplify the process of defining the optimum alternative. Open BIM standards enables easy use of multiple design alternatives to be applied to our system. Our system an intelligent 3D model based on the STEP (Standard for the Exchange of Product) data model. Our use of the STEP data model also included the development of new IFC entities for application with highway design. By applying this system to a highway project in Seoul, Korea we were able to identify multiple alternatives based on information from an IFC and specifications from user input. Output values included the 3D model representation, QTO values and costs, and the construction schedule for each alternative.
We also included a verification process to identify the accuracy of the cut and fill calculation. Earthwork volumes from the 3D model from the case study were compared to the same model used in AutoCAD Civil 3D. When compared to QTO volumes from AutoCAD Civil 3D the quantity was within a 5% accuracy range. Our system not only calculates accurate earthwork volumes, but does so in a rapid and automated approach for multiple alternatives.
For this case study we used SketchUp for 3D modeling and Microsoft Excel and Microsoft Project for data analysis output, but the technology is not limited to these computer programs. This system can be utilized with other computer programs and with other highway designs. Our goal was to focus on the ability to identify numerous alternatives to simplify the decision making process of highway design and to allow designers to predict the performance of projects before they are built. By having abundant information for each alternative readily available it not only makes the decision making easier, but also saves time and money for the design team.
